Background: Previous studies reported that, contrary to local anesthesia, cataract surgery under inhalational anesthesia is associated with substantial adrenergic activation. We tested the hypothesis that total intravenous anesthesia (TIVA) with propofol and alfentanil produces less or comparable adrenergic activation during cataract surgery than local anesthesia. Methods: Patients were randomly assigned to peribulbar local block (nΩ10) or TIVA (nΩ10). The heart rate, blood pressure, plasma concentrations of catecholamines, cortisol, and glucose were assessed at seven pre-, intra-, and post-operative time points. Results: In the patients given local anesthesia, plasma concentrations of epinephrine, norepinephrine and cortisol did not change significantly. In contrast, plasma epinephrine decreased by roughly 66% during TIVA: from 45∫16 to 15∫8 pg/ml. Plasma norepinephrine concentration decreased by roughly 50%, from 462∫265 to a minimum value of 219∫6 pg/ml and plasma cortisol concentrations decreased by roughly 61%, from
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OCAL ANESTHESIA is associated with low costs and fast postoperative recovery (1) . Studies of Barker et al. indicate that local anesthesia for cataract surgery provides a remarkable hemodynamic and metabolic stability (2) (3) (4) (5) . The incidence of nausea and vomiting is also markedly reduced in patients given local rather than general anesthesia (4) .
However, general anesthesia may be preferable for some patients undergoing cataract surgery because it reduces intraocular pressure and the risk of potentially catastrophic patient movement. Additionally, the elderly patients who typically require cataract surgery often find it difficult to remain motionless for long periods of time, especially when they suffer concomitant tremors or back pain. Cardiovascular complications are among the major cause of perioperative morbidity and mortality (6) . This is especially the case for cataract surgery since the patients are usually elderly and have a high prevalence of concomitant car-343 16 .4 ng/ml to 6.4 ng/ml. Blood pressure and heart rates remained near baseline values during local anesthesia. In contrast, systolic blood pressure decreased by 30% and heart rate by 12 beats/min during TIVA.
Conclusion:
The presented study and available data clearly suggest that local anesthesia produces the best adrenergic and hemodynamic stability during cataract surgery. Contrary to previously reported results on inhalational anesthesia (thiopentone/enflurane), the TIVA regimen used effectively prevents the adrenergic and metabolic response during cataract surgery.
c Acta Anaesthesiologica Scandinavica 44 (2000) diovascular disease. Reducing the adrenergic response to surgery is, therefore, a key to minimizing the risk of adverse cardiac events in the perioperative period (7) .
Many anesthesiologists and surgeons assume that local anesthesia produces less adrenergic activation and stress response than general anesthesia (5, 8) . This assumption was mainly deduced from studies comparing local anesthesia with thiopental/enflurane general anesthesia without concomitant opioids. This anesthesia regimen did not prevent adrenergic activation associated with cataract surgery (5) . Total intravenous anesthesia (TIVA) with propofol and opioids blunts the adrenergic response to surgical stress very effectively with a consecutive reduction in plasma catecholamine concentrations (9) (10) (11) . Since no data for the special context of cataract surgery were available, we tested the hypothesis that TIVA with propofol and alfentanil blocks adrenergic activation as effectively as local anesthesia during cataract surgery.
Methods
With approval of the Institutional Review Board at the University of Regensburg and written informed consent, we enrolled 20 healthy patients undergoing cataract surgery. All were American Society of Anesthesiologists Physical Status 1 or 2. Patients receiving drugs known to interfere with catecholamine metabolism were excluded from the study, as were patients lacking a normal sinus rhythm.
Protocol
Patients were randomly assigned to local anesthesia (nΩ10) or general anesthesia (nΩ10). Neither group was given any premedication. Local anesthesia consisted of a peribulbar block (12) . Topical anesthesia was applied, using 4 drops of proxymethacain 0.5%. Then 2 ml of mepivacaine 1% were injected in the infero-temporal quadrant inferior to the lateral rectus muscle. The injection was made at a 20-mm depth anterior to Tenon's capsule. Subsequently, a mixture of 2 ml mepivacaine 1% and 2 ml bupivacaine 0.5% and 50 IU of hyaluronidase were injected into the peribulbar space. None of these solutions contained vasoconstricting medications. Following the injection, a Honan balloon (35 mmHg) was used for at least 10 min. The Honan balloon is used to compress the eye prior to cataract surgery to reduce the intraocular pressure.
In designated patients, total intravenous anesthesia was induced with propofol (1.5 mg/kg), alfentanil (15 mg/kg), and vecuronium (0.1 mg/kg). After manual ventilation for 3 min, a laryngeal mask airway was inserted. Intermittent positive pressure ventilation was performed using a closed-circuit anesthesia machine (Physioflex A , Draeger, Lü beck, Germany) equipped with a continuous side-stream capnography. End-tidal PCO 2 was kept at 35-40 mmHg. No volatile anesthetic agents were applied; FiO 2 was maintained at 0.3 during mechanical ventilation. Additional alfentanil (15 mg/kg) was given at the beginning of surgery. Anesthesia was maintained with propofol (0.12 mg/kg ¡ min ª1 ). Additional vecuronium Table 1 Demographic characteristics and study duration.
Local anesthesia General anesthesia
was given as necessary to maintain 1-2 mechanical twitches in response to supra-maximal electrical stimulation of the ulnar nerve at the wrist. No topical anesthesia was given in the patients given general anesthesia. Acetated Ringer's solution, 500 ml, were administered throughout the study period in both groups.
Measurements
Routine anesthetic monitoring included ECG, pulse oximetry, and non-invasive arterial pressure measurement. Seven blood samples were drawn through an 18-g cannula in the antecubital vein in the arm that was not used for fluid infusion, medication administration, or blood-pressure monitoring. Baseline values were obtained 15 min after positioning the sampling cannula, before induction of local or general anesthesia. Blood was then sampled after induction of local or general anesthesia, during incision, during positioning of the posterior-chamber lens, during last suture, and 30 and 60 min after completion of surgery. Hemodynamic responses were recorded simultaneously. Propofol, plasma epinephrine, and norepinephrine concentrations were determined by high-performance liquid chromatography (HPLC) using Nova-Pak C18 columns with fluorescence and electrochemical detection. For quantification, internal standards were added to the plasma samples: dibutylphthalate for propofol and 3,4-dihydroxybenzylamine for catecholamines. Preparation of the plasma samples for HPLC included an absorption-deabsorption step of catecholamines to Al 2 O 3 , according to the ClinRep analysis kit (Recipe, Munich, Germany).
Blood glucose was determined by the hexokinase method on a Hitachi 717 autoanalyzer. Reagents were obtained from Boehringer Mannheim, Mannheim, Germany. Serum cortisol was determined by a competitive immunoassay on an Immuno 1 autoanalyzer (Bayer Diagnostics, Munich, Germany). Incubation of serum with specific antibody and labeled competitor was followed by magnetic separation. All calibration and measuring procedures were performed according to the manufacturer's instructions.
Data analysis
Data were analyzed using analysis of variance for repeated measures. Differences between general and local anesthesia at each time point were evaluated using two-tailed, unpaired t or Chi-square tests, as appropriate. The nominal P value was 0.05. But because we compared values in the two groups at seven time points, we used Bonferroni correction. A PϽ0.01 was thus considered statistically significant. To correlate propofol and catecholamine concentrations, Pearson's correlation coefficient was calculated. Data are expressed as means∫SDs.
Results
Demographic and morphometric characteristics of the patients in each group were similar, as were the study periods (Table 1) . Not even the slight difference of sex composition between the groups reached the required levels of significance. Plasma levels of propofol were highest after induction of anesthesia (4.6∫1.21 mg/ml), but were only slightly lower at the end of anesthesia (3.3∫0.9 mg/ml). An hour after surgery, plasma propofol concentrations had decreased to 0.9∫0.3 mg/ml.
In the patients given local anesthesia, plasma concentrations of epinephrine and norepinephrine remained essentially unchanged. In contrast, plasma catecholamine concentrations decreased significantly during general anesthesia. Compared to preoperative baseline values (45∫16 pg/ml), plasma epinephrine concentration decreased significantly during surgery, reaching a minimum of 15∫8 pg/ml during insertion of the posterior-chamber lens (PϽ0.01). Total intravenous anesthesia thus reduced the plasma epine-phrine concentration to a third. Postoperatively, the concentration returned to baseline values after 60 min of recovery. Plasma norepinephrine demonstrated a similar pattern: norepinephrine concentration decreased from a baseline values of 462∫265 pg/ml to a minimum value of 219∫6 pg/ml during surgery (PϽ0.01). General anesthesia reduced plasma norepinephrine concentration to about half of baseline (Fig. 1) . No correlation between propofol and catecholamine concentrations was detected.
Concentrations of cortisol decreased continuously during general anesthesia from a baseline of 16.4 ng/ ml to a minimum value of 6.4 ng/ml during suture (PϽ0.001). Cortisol returned to preoperative values 30 min after surgery. In patients receiving local anesthesia, cortisol levels increased insignificantly to a value of 20.7 ng/ml during the positioning of the posterior-chamber lens and returned to baseline during suture. Blood glucose concentrations were similar in each group and did not change significantly over time (data not shown).
Mean arterial pressure and heart rates remained near baseline values during local anesthesia. In contrast, systolic arterial pressure decreased intraoperatively from 144∫22 mmHg to 97∫22 mmHg, a 30% reduction (PϽ0.01). Mean arterial pressure decreased significantly from induction of anesthesia to insertion of the posterior-chamber lens, reaching a minimum value of 75∫16 mmHg (Fig. 1) . Heart rate decreased by 12 beats/min during anesthesia from a mean of 75∫8 beats/min to 63∫10 beats/min (PϽ0.01). Throughout the study period in neither of the two groups did patients complain of pain so that no additional analgesics had to be administered.
Discussion
Patients who were given local anesthesia for cataract surgery demonstrated remarkable stability in hemodynamic parameters as well as catecholamine concentrations. These findings are consistent with the studies of Barker et al., who compared metabolic and endocrine response of patients undergoing cataract surgery with general or local anesthesia (2, 5) . The authors concluded that ''local anesthesia prevented the increase in plasma norepinephrine, epinephrine, and glucose concentrations found in those patients who received general anesthesia'' (5). In a further study the same group compared two methods of local anesthesia: retrobulbar and peribulbar blockade (3). There were no significant changes in blood glucose, serum cortisol, or blood lactate concentration with either technique.
In contrast to patients given local anesthesia, Barker et al. found that general anesthesia with thiopental and enflurane followed by endotracheal intubation significantly increased serum cortisol and blood glucose (2, 3, 13) . The authors therefore concluded that ''cataract surgery performed under general anesthesia results in a marked hormonal and metabolic response which can be prevented by local anesthesia alone.'' Because the increase of neuroendocrine and metabolic activity observed by Barker et al. might well be harmful in the typical patient undergoing cataract surgery, Dandoy et al. suggested a different anesthesia regimen based on drug characteristics (14) . They suggested total intravenous anesthesia with propofol supplemented by fentanyl and vecuronium. The authors further recommended using a relatively low propofol dose in elderly patients. Starting from this, we used propofol for induction and maintenance of anesthesia as recommended by Dandoy et al., but substituted the short-acting opioid alfentanil for fentanyl for this prospective, randomized trial. With this regimen, we observed a reduction in plasma epinephrine to 33% and to 47% in norepinephrine concentrations compared to baseline values.
Reduced plasma catecholamine concentrations during propofol/alfentanil anesthesia were associated with a transient 30% decrease in systolic blood pressure. Hypotension in our patients is consistent with propofol's propensity for reducing systemic vascular resistance and cardiac output (9, 15, 16) . This reduction appears to be at least partially mediated by an inhibition of catecholamine secretion, as shown in cultured adrenal medullary cells (17) . As might be expected from these in vitro results, reduced catecholamine concentrations have also been observed in rats (17) . Hoka et al. blocked the sympathetic nervous system of rats by hexamethonium infusion. The authors showed that the increase of vascular capacitance produced by propofol depended on an intact sympathetic nervous system, and thus it might be the result of an inhibitory effect of propofol on the sympathetic nerve activity (9) . Analgesia associated with alfentanil presumably also contributed to reduced adrenergic activation and blood pressure. Hypotension was well tolerated in our study since only healthy patients (ASA I-II) were enrolled in this study. With patients at higher cardiovascular risk, administration of additional intravenous fluid or vasoconstricting drugs might have been necessary.
Changes in plasma cortisol concentration were similar to those in plasma catecholamines; both decreased significantly during surgery, but then returned to baseline values during recovery. This is consistent with the known propensity for propofol and opioids to inhibit the hormonal response to surgical stimuli (11) .
A major limitation of our study is that we evaluated venous rather than arterial catecholamine concentrations. Venous blood sampling is certainly not optimal for the assessment of catecholamines. However, it is a frequently used technique (11, 18) since there is little difference in arterial and forearm venous concentrations of catecholamines at rest (19, 20) .
In summary, blood pressure, heart rate, blood glucose, plasma catecholamine, and cortisol concentrations were all well maintained during local anesthesia for cataract surgery. In contrast, all evaluated parameters except for glucose were reduced markedly during propofol/alfentanil TIVA. These results differ from those reported previously (3, 5, 13) , where cataract surgery during thiopental/enflurane anesthesia was associated with substantial adrenergic activation. Although the number of studied patients was small and included only ASA physical status 1 and 2 patients, it is apparent that local anesthesia produces the best adrenergic and hemodynamic stability during cataract surgery. Propofol and opioid-based TIVA can provide good protection against the adrenergic activation in response to cataract surgery.
